e3eMJMBBCdD. *EZI 6ITJah -1- 2 May 2003 Met hod and apparatus for
cuttlng a lamn brittle material and a plastic The invention
relates to a net apparatus for cutting a | am nate nmade of a
brittle material andcmeop! astic with a cutting tool. A preferred2Mayl200ati on
Is the cutting of thin glass or glassceram c/plastjc | amnates, Lam nates
made of a brittiehad &N aRRIXA RS 0EPT 2SR FEIRG o2 cbAPIBALS MAISHIUWc s, the
conponent parts of which cpesitell eOmatrira@ld1alanary @lLgiffier greatly on
account of their nmechanical and thernmal properties. Plastics customarily
used for the production of the said |am nates are generally nechanically 15
relatively flexible orrhtéuctnjri«.eazanrbdnamehahégh tber anl metpansi eomdf an
typically 20 to_80 ml K ofte e re of Ly 120
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| am nates are gﬁqutw yilrighke and. ggperdy | xh%vegqa SV bhergpl oo -
expansi on and tenln tenperature. The thermal expansion of gl ass
is typically §ﬁ§@ﬁt}ci££l asFig el t he softening tenperature Tg is
typically 500 to 25 73Qmirdteascadte Ofoft ha shat ed1xer padekfianentnghysi cal
properties Ofﬁbﬁf two materials, until n no net hqd or apparatus has

exi sted o St S PERI EAP I | ¥PK péeSFfst't | €S0 UndParpfastic
with a 30 cut bifngeteth bbnelistopff atnaopridbe mlmumudhﬁfbm\@rmmd&nand
apparatuses rel a nl I cessed

mat eri al , but%hé¥ﬁuﬁ? (he£¥3£ %ﬁégg%g{ %ﬂgnégé ﬁgi é?oée&ﬁﬁp%5cessed
brittle 35 material, sﬂkﬂscgpglegstﬁmarelanpsed imggﬂh%SPSGdﬂaﬁéonsof
scored, for exaple @a/lamanﬁaainatélsam@c}ecut eqraﬂfrm' #neeﬁshaeql\mee'

or a cutting bI ade made of_hard_netal he surface danage produced Inthis

way t hen Jf%pré@rﬂtsl‘%?lrbﬁpfh?élpbﬁnprofd%%]g?a%% BRYRg awrtsh . thegmal . o
- 2 May 2003 expansion of typically 20 to 80 ppm/K and a low

softening temperature of typically 120 to 260°C.

In contrast to this, brittle materials, such as

glass, glass ceramic or ceramic, used for the
20 production of the abovementioned laminates are

mechanically brittle and generally have a low thermal

expansion and a high softening temperature. The thermal

expansion of glass is typically around 3.5 to 11 ppm/K

and the softening temperature Tg is typically 500 to
25 750°C.

On account of the stated very different
physical properties of the two materials, until now no
method or apparatus has existed for cutting a laminate
comprising a brittle workpiece and a plastic with a

30 cutting tool in one operation. The previously known
methods and apparatuses relate only to the cutting of
the respectively unprocessed material, but not. of the
composite.

To mechanically cut an unprocessed brittle

35 material, such as glass for example, the glass surface
is scored, for example by means of a diamond cutter or
a small cutting wheel or a cutting blade made of hard
metal. The surface damage produced in this way then
represents a rupture joint of the glass, along which
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the crack runs in a control l ed manner under tensile | oadi ng. During scoring
of the glass, the normal force exerted on the cutting instrunment nust not
exceed a certain value, dependent on the thickness of the glass. 5

QG herwi se, this generally leads to an unconfrolled rupture of tipemgyasos (H.
Jebsen- Marwedel and R Bruckner (editors), 4G ast echni sche

Fabri kati onsfehl er [gl ass manufacturing defects], Springer-Verlag, Berlin,
Hei del berg, New York, 1980, page 577 et seq., 10 Chapter 12.7, F. Kerkhof
and B. Ganswei i;hdasra@dhneiden"inles Granezolikd "wanneéng umdeyl dszis)ild n

addition to co | onal zhani Gt tLRg [ [
i nducenent of 2%?%%%@@'angégghéﬁ%%?§#%gbfiﬁggfghggﬁauggggbﬁgfhggwaOrﬁ?ﬁns
have been 15 kre@r§ed ke thenecutbingy dfpitecumsmty oust sgotaledeeefioses a

net hod and an a@@@ﬁ@iﬂsvégﬁe§ea@gbweﬂtatomodﬂ@i@qgékﬁass 8t Rl idi1&ss.
material, a_|aser beam bei ng ysed to |nrd¢1rce ﬂ %%%r ngrrechanl cal streq'i;]teggr ong
a separating |iAeReDEEGr t NERASr cISBEERLAY t AEAGFpr §Ces &8 BRI i a
by means of sanguptaséi ngdfsi ngtlee nasklesi2 0608 l45cKPgenrMaywadans ofand
water-jet cuttifng ysin n abyasgiyv ent 35 ,33. Al re.known. _In
contrast to thi}g; %ﬁ‘ﬁ?ggggsed(%ﬁgﬁhpfi I résl eacrrgnlg%%g? al I)Ff%éltlﬁaeq:rl%%sf
with a shear- acfebherut[glassgmangfasgtiamgnactdefectst wo Sphringesddiarlag,
hard-netal bla ed | e t Kk .Or1 ¥ usi Yeshaddy, .
cutting knife ggé]ég?%{l’ ng %n%eée)]%.e%'v\el\?g?, Hzgilrl 't he pet hg%g,e?rg%ﬁ or.?gd aeg%)v'e
are 30 unsdit abFeapbercut}d nly a Fani nBeEkBPLt he@nq pe Brent F@RENeiner Haspl e
a gl ass/pl asti cnkaphaaten! Gelss cdiasee | perayidaidc impt dhegpheary action

cutiing of the lamnatess RESYLe SOl uIen LSha LR Lues oL alass
in the thin gl amethbéet igi veRichsehieo imdvoement edfbrstréesesaeiong the
LLensversel Y OchbER L e oL DL A Pl PR o, ¢
10 15 20 2895 known for some time. For example, DE 197 15 537 Al
discloses a method and an apparatus for severing flat
workpieces made of brittle material, a laser beam being
used to induce a thermomechanical stress along a
separating line.
20 Furthermore, cutting the unprocessed brittle
material by means of sand blasting using a mask
(JP 06008145 A) or by means of water-jet cutting using
an abrasive agent (DE 35 33 340 Al) are known. '
, In contrast to this, unprocessed plastic films
25 are generally either cut with a shear-action cut, using
a shearing action of two sharp-edged hard-metal blades
moved against one another, or by using a very sharp
cutting knife or cutting wheel.
However, all the methods mentioned above are
30 unsuitable for «cutting a laminate of the type
mentioned, for example a glass/plastic laminate. It is
directly evident that the shear-action cutting of the
laminate is possible only when using thin types of
glass. However, here too the shear-action cut produced
35 by the shearing action in the thin glass sheet gives
rise to uncontrolled brittle cracks transversely to the
cutting direction. Although a sharp, scalpel-like
cutting knife is capable of severing the plastic film,



30 35 it is not able to cut through or score the glass. Rather, it would
very quickly be blunted on the glass surface . Wen cutting with a di anond
or a small hardnmetal wheel, it is necessary according to the above to keep
the | oading pressure below a certain |inityvalue to avoid uncontx gk} 2603
rupture of the glass. The maxi num | oadi ng pressure of the cutting tool
limted in this way is not sufficient, however, to sever the filmof the
| am nate conposite reliably, On account of its flexibility, relatively high
| oadi ng pressutls ¥r DR maPleor s Woultdami e qGir eBCPER sEVer iFifihe
plastic film bathéer tieivwopkdt vaey dnaigainy | pad ianteednéhokhed dupdsr e
of the glass. Om to these facts, it is not possible with the
convent i onal nﬁEﬁg%FSal cutting methods to cut the said | aninates in one
operation. AlternativeWmenhoosttimg cutittihngat lid asmirdl conpasi saapiledesrdiave a
series of dis a 1l N fhes kn 1.0g, .t he appar at
expendi turceE i g‘qéﬁg%l i cant’ ylgr%agt g%gec%%aa co%uLgn(%dI[(}?lrﬁ]ee?aggl% gar?g;f%eto
necessary optikakppditigphteadsngr engsisiung i peboygniaf i cemtaynhilgdt costge
Vaporized or eygn il YRGB ARy dhe dSPOShbed 10 < herdahaRl ful'
the optical conponents. Water-jet cutting leads to s¢iling of the surface
and to surfacel@8fdegs PRRSFUTenOinatRe S HING aliRPted HPFERHvaagbits
Cutting by meagayofisanethlast fingidnkewhomeheads t6 sevdmgthé tHiamsusface
and to surlfoace ﬂ]efe ts.of .the | am naEe. Thgse get hods usual | tent gi | .
addi ti onal*®l eEfifng lBTIEREE uPS™PPRE Fnt FE4AEPIEn oFPsafdCPERnaPss, 158ch
as thin gl ass/ flextibd lidn natesl foivekanphiéghi nloadiingt | ressaves (or
appl i cati ons, a idxt he, diispl [ S ubsti, Lyt £,f oxythin
L Qi ”@o‘iide%) Swo(ul%p. gzyeer ab'#’éhﬁiy I:;xyﬁ for éébéi‘&ﬁgabpg&

gl ass substrates, 1S facilitated consi ere I's an aval

cutting nmet hod PARiséH d sEhdmeodpdt | 6P AhedgssPare Wauld hadednveiRadnkP

cutting techni g¥RSntGAISRN W ture ZofVByh2088a34di tional costs and, if
appropriate, can be inplenented in existing glass cutting instgll]ati on??";a
The obj ect!®f the pres&MfiihvERt it8FsSs %cg?ovil&e L5 nBPho BRI aPfphfat us

for cutting a THeandMarentboradf machanticlhd raitetind , mebhpdst iteul aut mete of

gl ass, glass ceranc.or .ceram C%ngﬂquea %I astic with uttltrlg,é O%|ethl N

whi ch case the n%fag‘lin?tteg b aeFaé:slo o'ssfh‘ Iterlnr‘l3 one operarron,

and at the sanm€axn neutat hrghtbet siaig anpesitandieaeshhaveess serigs of
contours as weld; axfapidh&ytting are to be made possible. '. , It is also
the object of the inventi©®n to design the nmethod and the apparatus in such
a way that2Phey are confptibPe WEPAWBxi d&SEF cB4hHiPIet hB§§, ERRATREUS
addi tional costexpdd fsediangdighatithey lgayrddteaapproprastéunbeof the

inplenentEdi'1f2g§£i2gdcﬁﬁgr%kééﬁ%§¥§a%£ a1 peripherals, resulting
in significantly higher costs. Vaporized or even
pyrolysed material may be deposited on the laminate or

25 the optical components.

Water-jet cutting 1leads to soiling of the
surface and to surface defects due to the water and the
admixed abrasive agent. Cutting by means of sand
blasting likewise leads to soiling of the surface and

30 to surface defects of the laminate. These methods
usually entail additional cleaning expenditure.

The introduction of said laminates, such as
thin glass/plastic laminates for example, into existing
product applications, for example in the display

35 industry as a substitute for thin glass substrates, is
facilitated considerably if there is an available
cutting method which is as compatible as possible with
the conventional cutting techniques, causes low



For the method, this object is achieved according to the invention by the
steps of: 20 - heating-up the plastic at least in the region of a
predeterm ned cutting line, thereby lowering the viscosity of the plastic,

- placing a cutting tool onto the plastic g de of the | am nate, 2Msy beggli ng
pressure of the cutting tool on 25 the surface of the |am nate being
adj ustabl e, - producing a relative novement between cuttlng t ool and

| am nat e anngéﬁ? CUttI g line, with everL of the plastic

si mul t aneous s ‘f he BrFEEI e PR <?erl af! th%PB’b”?p? E&'ng Saﬁechgﬁl cal
stress, and 30 nmip]&pmmmsdiaiﬂ exaddihgogabky cnttday rgsitlad ledditars cal
stress along the cuttlnﬂhéln ﬁgcgeyggd EHS QBEF%ﬁtStEEOQBElg the sgg;ed

brittle material. Wth Tégar he apparat u 5 achi eved
according to t IREdvidat i an bethndappadat @ happrratus 5for2 guytipgs a

means of hegti %mﬁé@é Rhast be %t Hr8atil d Mmdder{ L0 omoﬁaét@eaﬂs&em&ed
cutting line, thereby Iowering the viscosity of t he' ? - a.cutting
t

tool which can De PLaged ST IRETATRLT | @F 5CELARIGH |ZanPhagkict wdth

| oadi ng pressurg @httiRgCUbbLNY ihoehidh tdss Whackawinate fLantbabe keitng
adj ustabl e, - meang fozﬁgrodu0|gg a relative an%ﬁEnt bet%eeqbceﬁtiggwggol
and | ani nate al®hgtfhe &ut PPRGIPHRe, 1 0P %0 B seBF Lverifig

pl astic and S|rndmaneaushygbcomuu;ﬂﬂgatH¢¢mi&cyatendalfaﬁbhfaﬁmebmdudkng a
mechani cal ,gtre nd.i f p i ti0nal her {.Ng

t he nechani ?al &?x?%g\élggl oaﬁ% the cuta%l ng ne to&%ti;rg% A e réuap/)t uh?ee T‘%Sdé]
strength of theregdildebrittie material. The nmeasures accordlng to the

i nventi on make it advan&eges?gslawéssmée d9j &t Bt andmat 6 fRAR XU A to
britfle materia and a plasticg, artjcular a | am nate de of a brittle

material |ani nat@ R & ﬂ?‘%’l‘?ﬂa 4 htPragPParafkUsh P sFRGR ec W fddtool
in one operatiotheyhagel toafheitagearitlsi kest hrgusatetnwmetiiodisng tioad s
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conpl i cat and
approprlate, be implemented in existing cutting
installations.
For the method, this object is achieved

according to the invention by the steps of:

20 - heating-up the plastic at least in the region of a
predetermined cutting 1line, thereby 1lowering the
viscosity of the plastic,

- placing a cutting tool onto the plastic side of the
laminate, the loading pressure of the cutting tool on
25 the surface of the laminate being adjustable,

— producing a relative movement between cutting tool
and laminate along the cutting line, with severing of
the plastic and simultaneous scoring of the brittle
material, thereby inducing a mechanical stress, and

30 if appropriate

— additionally increasing the mechanical stress along
the cutting line to beyond the rupture strength of
the scored brittle material.

With regard to the apparatus, the object is

35 achieved according to the invention by an apparatus

having:



25 sensitive adjustnment work, which is not needed in the case of the
present solution. The cutting tool nust be guided on the plastic side of
the lam nate in order to sever the plastic reliably, and at the sane tine
be able to score the 30 brittle materi al g a brittle fracture2aflay 303
cutting point. To solve the fundanental prgblems nentioned at the begi nning
in the nechanical cutting of said lamnates, it is necessary to |ower the
hi gh | oadi ng 35 pressure of the cutting tool for severing the plastic . By
heating-up the-plmeans af | dgeting ture i owleistd pr édet degisted igut theg

line, its vi SCOS'xtéz’%lén coppi dgraglr&dleﬁ\é/%ﬁ%edand:xf’c&"f?é' 1p3di “gtﬁé%%we
of 510 15 20" he cutting tool 1s already

sufficient to SQAQWQF&Pil%B?lElsqﬁﬁlﬁﬁsgﬁbFPQWBiﬁ%QkFeddlt|onal i ncrease

in the mechanicals s¢heesna! Q@@lt Ren et t icag |bé1€p11@cé@ ohed uﬂﬁ@fglébltﬁ.'&gt h
of the scored brltﬂi i erha can, be carri ed or exa
S

in the region of § HTELEG R EE cgaéﬁlﬁgop%’@% ‘dﬁét E}%&I ace

along the cuttingutting tool on the surface of the laminate being
adjustable,
- means for producing a relative movement between
cutting tool and laminate along the cutting line, for
10 the purpose of severing the plastic and
simultaneously scoring the brittle material, thereby
inducing a mechanical stress, and if appropriate
— means for additionally increasing the mechanical
stress along the cutting line to beyond the rupture
15 strength of the scored brittle material.

The measures according to the invention make it
advantageously possible to cut a laminate made of a
brittle material and a plastic, in particular a
laminate made of a brittle material laminated on one

20 side with plastic, with a single cutting tool in one
operation.

This is advantageous since the use of two
cutting tools guided towards each other or one after
the other always necessitates complicated and process-

25 sensitive adjustment work, which is not needed in the
case of the present solution.

The cutting tool must be guided on the plastic
side of the laminate in order to sever the plastic
reliably, and at the same time be able to score the

30 Dbrittle material for a brittle fracture at the cutting
point.

To solve the fundamental problems mentioned at
the beginning in the mechanical cutting of said
laminates, it is necessary to lower the high loading

35 pressure of the cutting tool for severing the plastic.
By heating-up the plastic at least in the region of a
predetermined cutting line, its viscosgity is

considerably lowered, and a small loading pressure of



To cut, a lam nate nade of a brittle material |am nated on both sides with
pl astic, the plastic on each side of the lamnate is severed and the
brittle material is scored either on one side or on two sides. The severing
of the plastic and the scoring of the britgle material may in tRiMayczes be
performed in a single method step with two oppositely arranged cutting
tools or in two successive nmethod steps with at |east one cutting tool. For
this purpose, the plastic is heated up at | east kn the reqgion of the
predeterm ned &fetiAYEFERE, %IRY eBY | DUERRAY tFRELISLBRFt - f SENE I BEi c,
the heating-upphakitie pl ace at |east on the pl astl c side of the |Iam nate on

whi ch the cutting tools,‘llj bei n S% g)llaced at .th The utt.ln tool Is
pl aced on one plastic si H Ianirﬁg%léret &llﬁ’&af)lr e%?ﬁ §35F t HB
cutting tool orhehanethidaieabf sthessasiloaige ttim nguatljmgt dine. up rebathee

b |
M rer o th Sevarriy HhisiyedlSe' BRC Mot SaPRETKERE MU SHh b
side of the | asiaratied tth'etcutfplrngiita;ml@r byt drarnbing agi ttﬂr@nazre@mm n@

tool is placedcHheslgad, ngaprsec&%gs&md&&dm&twg beebalatiile, subkaag of
the | anminate being adjustable. Arelative novenent bétween cutting tool and

laminate is pr&hF&& aaﬂ}% the ukEing 1iR&: with severing of the plastic
and sinmul t aneous scori ngoot:uthea bnaﬁﬂihat@t:aaaal ,oﬁ hSrQ:h:}&.tltﬂlC&lCmage&lal

mechani cal _ stress.. 1 f_appropr,i mech tress ng, t he, cutting
re 1 adkft | GRimA S HRr BROetD’ BAgBRI ThERr GhAR Gt - EAG AR HE. Sbr o
brittle materi alach side &£ I\/hyeZGM:fﬁtd:e:uuBl rﬁpuﬂr&dhealndmtm ebmadielef a

brittle materig| 4%?[”{@?%&?%?8& heff:ﬂ@? tAqR 25l tdﬁ ’é)fn%@tn\é\’;{::vﬁ{] éik@es

severing of the I'cC an e scoring o th bri
performed with two oppo%h@eﬁ?vsranga@éedﬂé%tPlﬁgtﬂé‘-ola@d prles eﬁﬁﬁrynﬁasﬁt he

fol I owi ng met h%ét@pﬁtuehﬁa&eegaypmape i aglis @ésé e@étpéﬁfbbﬁeaeghora of
t he predeterm ned cuttl n i,ne, t ere?‘%/ owerin e, viscosity of

plastic, 185 piRgIR g’é@ﬁeé#PQew&G it t‘?Rﬂ’g%h'{'%béaEﬁrﬁPﬁﬁll Eué"lt&élgof
the | am nat e, t&&;i@adrng;prmusacaésbh@er ewtemdveteptst iwigt 1 oat  Qredste

surface of the | am natett.bel ng&gﬁgj us%g?{aethl P g‘ggﬁoggha L8 a laﬁgme/emegt

bet ween t he cut ?%gcfé: 't he m na e cuttim ihe, Wth
severing of thehgataedi vparat sleast ameouéiescmgngnofoﬁ hiehér pcrteldetmremea:l

t hereby induci r&@%mghq%@' thHesehy ! mew@&lltng) ecHBt el @bobeLPI SEORGHE on

one side or on b st des it appropriate Z0 - additionally increasing

the mechan?fal R}#8&iCal shg th%aEﬁPEI’HB IGHELRD PdPGTd #he Yadsttur @sttighgt h
of the scored bplééd:ecrratla@ IE dh:et:naaamase doheviVéh Cthé i &gt’t@.ﬁbs t&icel

preferably arra direc ppositel y .and ecuLe nghr.oni
novenment in rel a%egﬁlflg Pﬁi8¥:|e§ a i-‘ altoln"bet ﬁié %u??Fﬁbnﬁl Eé.oil % éﬁ%d
cutting tools a®®e apnangpdaskih aSILéad witt h thespdeminatene dhst hdigading
cutting tool "‘%f@sé&i&@rsofm'%et h@uehéﬁb' Ct8810rk§ns't‘}'{% OEuE- ‘éc%o Semgd e

IS preferably arranged | eadi ng the opp05|te cuttlng, tool Ich severs the
pl astic and®at 1#BiBake Bt RATSEARLIY | ﬁnéelﬁ%vtr:amown@n& Retveen

preferably heat edcupngytbam &trid)f]..antlma(lﬁétiﬁubﬁbduaéﬁabﬂd)n@ndﬂ@’ d@SEeIings
radi ation and/ -O%'bé lgb % 21 é%‘? o ﬁlso Egssi bl e for
the entire |am nats t ¥ &% %‘b"‘ﬁp %f Stic may al so
be perforned, however, byxttmae heppedlcattplgstml siide of the laminate,
the cutting tool or a further, additional cutting tool
30 is placed, the loading pressure of the cutting tool on
the surface of the laminate being adjustable. 2
relative movement between cutting tool and laminate is
produced along the cutting line, with severing of the
plastic and simultaneous scoring of the brittle
35 material, thereby inducing a mechanical stress. If
appropriate, the mechanical stress along the cutting
line is additionally increased to beyond the rupture
strength of the scored brittle material.



-,2 May 2003 particular by its heated |lower end. In this case,

t heheating-up of the plastic can be perfornmed both byneans of heat energy
transfer alone, through the hotcutting tool, at least in the region of the
cuttingSline, and also in addition to the .heating-up nmentioned. Biday 2003
heati ng-up of the plastic may be performedboth beyond its softening
tenperature and below itssoftening tenperature, preferably just bel ow
itssoftening tenperature.10By producing a relative novenent betweencutting
tool and | aninate, theFBBy SHYWHIRG tPe gﬁﬁti@%%‘f—eaﬁ‘éﬁ&r HovRndTitdLe

| anmi nat e al ongmi berpatdehfk AhBedC Wit ibetH idieded heibRapedsdpchl dst ivhich
severed. Furthermore, the, surface of tﬁ brittlel rr%rial can be fcﬁ-ﬁ?d by
the cutting tooh® &V ud jﬁﬁﬁt JAEEd,2Hh e sHRBT6H8r aPT orf-e

Si ncet he pl astbristie omatkeiadnpds t pdwotthed awieadytheensgprersitelthe
separ at i ng -of | aniin - . t il e-st -i_pnd d C r ion
al ong t he r5 upt‘lfh?giﬁ?%.dn?é \g%t%rﬁ’% g:rqot%{}ls’e %ﬁ% Eafre?zsﬂ%l-fi gggnsﬁé%d&o?‘lhlg&%
cuttingspeeds matbhdcabepe:achi eved in this case for thecutting-through of
the plastic and ey sidldaneouspeatto o NG| 14! EndRketidh AL the
conpar abl e wi tht hose_of™ conventional glass cutting.25The nelted plastic
filmat the cuttiBipdRieNBHRE| oRaFFingakdiney pégvﬁrtﬁbé/t&%vesrpm%e e h

the wetfilm of waSsosihyCcoOf €lepPpbRaLOL,for exanple, oftenused in
conventional glass cuiting for inprovin ecutting quality and for .

her easi ndt he- e TG "B HeRRRANe nautBERdA tq Tk Bhte bt Betic
severing the pl atidandfatthdée lsanmatar steri hgafhegbmprddsurmt efi athe

i spreferably obtaj s GUUT : | arg Rat e, i t cuty ool havj a
mount ed di anond ta%gpglg%\ng%lh&%%%ﬁgfﬁﬂg V\%erge oroﬁ tEhg c%%’ltljlk%é:tebl aodlg. D%zggfond,
as the hardest nikanbnatesbedngl agduptalleer cutting the |aminate, on

account of thi SOU;%ch&&‘QiHQ R ORQIlai v URoR@nidht! heetuielnN9th@0l cutting _ 2
May 2003 irrespective of Whether_the natural or artificially cutedges fak

e
ef f ect. Cut}3 ng whe@PSaadfothait}3RYPBFGdELRNY cHRONSHELIBE L inG1i valFEry
ha{]I ;ﬂ agd tough al seyePingf _0&5Qﬁiﬁnbmas}:mcpaiﬂd ng.ﬂﬁlglhnéohsggs_ﬁ]ﬁﬁ:t@rbifde
and/ or di anond- cont ai ning,.si-ntered netal, ,are prefer used. The, cutting
wheel s are pref er%ﬁ?ylbtliﬂ%lgd T?ﬁt%rh%gge-tgﬁfﬁgﬁ’ nﬁﬂ%@?xgﬁd apr'B(\a/Fla%BlSﬁTt he
outer edge wit hhi ghtrgspoel theebriiftées ma@Byiiaiduss ing vétored oon ohe sdtei ng
tool, andparticul gpl yni $8chowghegNd and@n £ Ltonder go, , axial and

[ ) f lo

possi bly al so transversal vibrations of Itude and_adj ust abl e
frequency.2%he TuREAA§iPERAPYOVISIFERASIRGs e PRAChAPLER&NeTiYSFS t RAONT

cuttingl5action i ghaotcuylafanfleninen tb Ppeybadl athd r eggengy. Hovwaegthi ofhas
been found t hat thher fre ugnci %’it havq:ta et er effect as~a result of the
hi gher nunber of vi FafFSﬁg(ap FLEE PR  The application ofultrasound
is preferred, the high ¥Imequbhey clsshi ch3eantibe genditdiregl byoobbat iars y

i nexpensi ve n’eq:f}:sel!:éfélyfycEﬁ*@ehhedfﬁggl%bt%%%% /| SR Pe€xecute a

generatedwi th t'he required_anpl 't udes on | i

gr eat expendPt urtynEaFont ek crayenget uiny Fed@tdiom wodthat gamnalt@r elamgy
used, for exanpiige abu@sLhd! Bige.crystal, 250r a magnetostrictive nodul ator,
for exanple a nickelrod_pntroduced intqo a strong magnetic alterpatipgfield.
The ul trasound pr oducedI%y o0 r BEYni G TR aFPSSrsl s‘gﬁﬁd&rﬁ‘é’&f owﬁggn a
sound waves atfleasdencitds hiegiperctt haw Z6nkHzandcherdi nghé o dunet3Dngvendalon,
sound waves at qu f Kk a n itude
from5 umto 40‘91?1%}; e%%kg%(regab{’{i/%]sé%gr‘rzfo%%gg%ag? VI é;@lat%‘{(;glr?‘%é o#fj t'ﬁ'{e

t hecut ti ng3Pool lamteated kg aprederably pomgnoed ndkbrdang/ okher appRagis y
W th respect tochPeifyt tblA3SAIMRH | §8vOFE NEh_bYiladk ReTARE HR! @Hellsame

di spl acenent ofthe plastic a¥\‘/ay fromthe rupturé€ joint. In this way,renewed
f1 owi ng t oget het1Bf BREXPEsthEPEAESIesMAtIHal pl astic is prevented. The
axial vibrations of theThe- 1flas®idhy D03 préfid b0l hledwsd t hapt hrigt
and bearing forces.required for cuttin hr ough the plastic d at the sane
time scoring th’e‘aéf?gf‘f’@'n&t &F al Pafﬁégﬁégéfureslrhég’%%’f ng &lrbé? i Tt on
enhance 5 B%e cuadiagigualand/cendy eslubettgasr ijset of Imnthhsowasd,l e is
brittle fractur hit | [ : ,ekh | e

per f ormance of ts%gfapFgggggﬁgnﬁﬁ%&%{/ﬂqﬁfiﬁﬁ%ﬁ t3:/_%)e é ﬁ%al'{'%g EEI t'ting
operation or make the of8fat heAtdassiun e 9fn tihe f ipkasticpimey. Fheonebfod
and the apparat gergoemed,t abbeevet)f bypPreher eneackar eutting | 88bnat esn in
particular thinlam nates, nmade of a brittle material, for exanple of

agl ass, glass-ceramc or ceram c sheet, and of al5plastic, in particular of
a plastic film it beingpossible for the plastic filmto be a
scratch-protective film preferably a scratch-protective fil nof

pol yet hyl ene, or of a sprayed-on polynmer filmln principle, the nethod and

e Y. . U e T L - T



-..11 -, 2 May 2003 The nmethod and the apparatus are al so suitable, however,
for cutting |lam nates nmade of a relatively thick brittle material, for
exanple of glass, in particular flat glass, glass ceramc or ceramc, and
of 5 a plastic, the thickness of the brittlg material preferabl 2 Nai2093up
to 30 nm Furthernore, lamnates of the type nmentioned in which the brittle
mat eri al consists for exanple of silicon, gernmanium or carbon can al so be
cut. 10 The producti on,of sat i sfactor ut line and,_ i articular, of a
satisfactory scB?EtbﬁPﬁaFegﬂi ress a%ieaﬁ&ét ﬁ&ﬂe:fr %?aan&é’rre 1% RRE c S ng
t ool . The angl ehbatwaghrupheot ongie ugilaalt iaxi sadf bhe patfongetiodbotaind Wyhe
cutting plane in the cutting,direction_is. 1 re |y j ab in the
range from 55 t 05755 Iqutti }s‘eggr TS | gg.rspg eefp:r e%félg%'tﬁg@é)? he {:gebgl%%.
The foll owi ng exahpliegi stool endéd 1east| ustrohe tirgiewewfi ohhe urautering
the basis ofs tNg;akNOLaAILIUNG, 2X4HRAH 2Y MhSTIUS: Pl &) OhERE1 BRAAI AL US
maeofna ritt pl 4 with

for cutting a | amnate le material 2 and a astic

a cutting tool 5 in oneTdgehBadtogTHe PhnFhgt PLIRStEYT cBRYit B iRer fgymed

exanpl e, a thi npgkassheaali CitanMatdnitle dkapersftesle 2anthisllos 2bcs
preferably 10 umto 300 umthick, and the plasti | m.4 whlghls 1 umto
300 um thick, pPREEERANG bt RPPBEAERYSY o dﬁ?%ﬁﬁ‘ by YrkansP6#OY | aVeF of

adhesi ve 3 whi choifsedim ttenrp@ravdds .ck. The heatable cutting tool 5 can be
pl aced ont 0 the plastjc side.4 of the gl Lpl.astic ] e
EL B CPRECEBRT5 on c ARLelrac . BrOPhARLT, Rotyder, .

c
| oadi ng pressure of the dut on the surface of
| ami nate 1 bei nguadjimst abdel bpnsui kahima tteantherebly arovimg nghel erretit sng3

for! exanpl e. The g SREfd10te AAPAGRE eféMiﬁaE%“a?%ngﬁsdﬂeV predSl el sbed
experinmental |y, and generally corTesponds to the |oading pressure Ichis
required for sc&MtAdNchd imfor ddes hrptRdtur PiatelFal Sofe¥8FREspondi ng

thi ckness. The |ower engfi-tHerdrlrdeat abplee cHukifAGel 0ObEf -tAd - BriMayld003
5 conpri ses nmount ed wedge- shaped di anpn whi.ch issui.tabl e for producing
particul arl ¥ fi H@tﬁlﬁ\fng’ép grea?@o’ﬁ? aﬂdYeI &5 Eét‘l%éﬂ‘ i ﬁ&ogl’enﬁﬂ'a 78

t he cuttingtool rmptane paotiheulmprddugedf edabl yhet sdnenepperdtdohcans bece
brought to the tyre cessary r Logthe r. g_l,qgeg{i ty

4. The el ectri ca}t%{%g(;{l?anssgle ggn%%% %fi ggfg)rg?g#ggﬁg%o%arsgl e b%frn%%%g i(':)%eg
heat i ng- vol t age ssinssl 8, the ovepaxat bnperht the ABMinGtiong dnd Tokerslle-
taki ngl0pl ace i y@-pAtidfdlRd Y Prefrrrgdogagadisant wdeansd arupture

t hernmocouple 9 which is attached as cl ose as, ,pqssible to the |ower end 6
of the cutt?fg OGNS °Lnidhe Rbhheleel*Es ERe Redd MRyl MeVFEEEENT) n
t hi sway, a tenpeipsded= ehitde eahtibg tachidvedceasarhifor Hacel t ifog athe
particul ar pl ast] Ll CQRLro A dv ag

Phe. t ompor at Ur o I HAEUAE Aol ot 50ty BESFEAS, POt Bhsoraffastgpasas
itsl ower end 6, Steincr i okheutlFhgtite madspaial vaatpl gomparabdenswatb
during cutting. HeodePecddnehiDRER 1858 chbeipgtting tool5 and in
particular [ts lewer end 6, can |ikew Se beeasi]y established . .
experi nent a %y. The sof t M nﬁleg'ﬁ&dr a&?%tb‘f: taf’rsfel%l gt ithe RUSERT vERjNto
be cut, or25a tehkitioti£l Wi vdkesestspoesiblealteyalidgense with the wet
sof t eni ngt enper , n_bhe used as_a,paint_of r e. lnthis c ... the
t enper ature of ta#élfrgm %?né”atetoeoﬁ’ S?fgﬁailnoﬁar%o%%%lgér)ft %gﬁ:t e?r’ﬁ%“r‘%%f e%gﬁelnts
| ower end 6, mayedlint heohvgheionhd hlpry ch&tdmg i Agrs pewrkoVi@gotder
to permt a requ&ﬁ@@irk@g&%ﬁggfgyahaa%fxe& E%eta'é%lé‘séﬁé’ %dééSEQEE' ¥&! ¥Hed

be cut. The_viscosity © stic 4 shou be | owered by~ t he heating-up
of theplastP@ 4 BYLeHRIctPPing tool 5 to the extent that thel oading

pressure necessary for the finall ¢@Ppoenitedlengdsef seRerdindpstRei pla@itidr
scarcely, exceedaer(deBgtr’rq__Eh%S ar.]tgé %q(t)nvém)sé/gqxi'icr{]g n@%eprlo%}‘i I elymaterial, is
preferably obtained by cutting the 1laminate with a

cutting tool having a mounted diawmond tip, with a

35 cutting wheel or with a cutting blade.

Diamond, as the hardest mineral, is ideally

suited for cutting the laminate, on account of this

outstanding property, mounted in the cutting tool,



inhclude a radiation source, in particular a heat source, for exanple an
infrared and/or | aser heater, or 2 May 2003 - 13 a hot-gas jet source,
the plastic can, however, beadditionally heated up also on its own, at

| east in theregion of the predetermned cyting line.In a furth@May2003
devel opment of the invention, the5neans for heating-up are guided in such a
way that alocal heating-up of the plastic takes place at |eastal ong the
cutting line. The neans.for heating-u repreferably guided.to her with
The cutting i AT eARTeStY R nenekresy CHeh e 2hodr S RE LA RaRn G ity
belOused bot h edgse taket&ffbeati ng-up of the plastic -heating-up by the
cutting tool then not i equired- a t ifio at i ngq- by
t he heat edcutting toole‘%gggétt%g?%ggol Jlfgrcoﬂﬁ%%?glhévi ggéfggusggﬁ‘s#gn 14
to guide el enesessist ofii eh prarticuiadngotrdhanduttigugh tabloy akord any
desi red, péede+§£§&\ﬂsdcu{ﬂ' Li e Bl PG # NGy Olasy{Mleastd £ aid Nal /by

i tbeing possible for the novenent to be perforned bot hmanual Iy _and by

machi ne. 20By ndi#RgNEheCREALBd NS EENTEHSShI ™S 3} ong™ © hBEF@&éflaéllbﬁ YeEd -
cutting line, the pugsting dwhéeDet BeeW die fayahl pf tagheesidveirs, ai ed
and at the sanetine.the glass 2, .which |ies thereunder and is bondedw,th
the plastic 4,s¥‘§p§éor‘8ﬁgn?ﬁer%%9 i%‘&‘hﬁéSn%%ha#?%alo TesSHDnI e
cutting |line, hihghly pbedakedoffacieitis.l am nates is severed.|f appropriate,
further ingreasing of e i cal . alon e ing |1 i

perfor rredg;%/) addi ti onal hgeg%g g%{;&srﬁv\%ﬁ%%'eyg# tﬁeﬁletrttt}lﬁlgur%éﬁgfr:an%c%h of
the glass 2. |parhisubaylycritR plopeyateirhal G1ag t be chadengtei ndergo

so-‘cal l ed rupt44ing Qfnd hegkaspiy wiasdli e¥8fsveRsbhi SrOesLeidfis bYPLILE
iscarried out, essentially by fléxural tensjle | oadi ngéﬁ[&ong t he, scorjng

line with its BRRLALEES: | ARG n&PMSIERIG adREIYRTIY  h ndBHEERI exdfpl e,
at |east the | gwpkooRd Odst hecwbbulg.t oRh iiSndeatatent) tie apheoxiurst fhy
200C to cuta fla .gl ass/ plastic,l am'gatg conpri si n%__a. 501um E#) 2 May 2003
- 14 400 t AFEROR ad8 sHRbt ARPERIFE honded WiRFF B SO At H LRI PTASY 1 ¢
film4 made of Hpekyethyligndrawriegdn hfdband( PERY. highehi Lrpenaidnadiivng
pressur e of aPPLOMIRLELY ekelldes 88! o OfeBuft! ldNTLABEGR HlOAPRLANLERISEY 10

m mn. The invention IS not restricted to ) [ ngof stTalght cuts;
rather, curvedvibratdonsal eHeabBdhipl fhedtifea prBfer PRPIEAFIdIFRRNt Obf

the invention, yheb@eHiHd NGst Gte ferddd, Patd CHigh! YErsQiaiap! v thich
| owerend 6, can be induced to ungergo uItrl%Tsrronl vi br at 1 onswhi ch are axi al
and/ or traveFdR 05 ¢ FENSEIFRY  BY¥I s TEAATVENY nat TSXRA bYE t rERdDES sel v

to the cutti ng@ireentersmies aire wlie | nangaphbbwee 1 09r diter aldy e 1denpratade of
from5 umto 40Q,. LHS e . a]_p% : i,ez0- . or
magnet ostricti \g'é?oﬂglu %ge{]gﬁg%fg%g %Q‘Q%SEP?%% e%?%i%ﬁ{l%. qu)é%?% eégegg t he
ul trasoni ¢ vi begpendidairoe Eer Browieinofthe undtrasyeder & orodelagesd
cuts having bears gshé eayesRPRt ubleBguarss esxhiipl Be amngec{ I PRSP kigsta1100
kHz. The cuéé(l ng tool can ref%% be set sgcht hat it can be pi voteg Ry at
| east one 4xi al®%l @nmBie i ‘(ﬁaF‘Pgu&ﬁ‘ Far atPel SBPHE it PGS

pl ane, in-the addinonthedetedn, ihhe argl estwingenmagetbiongaitdrnakiag s
of the cutting 4,00/ y5 an he qut lﬂgm e i ti dir [ i.ng
adjustable in t%lee?ladnge f’rilgr% .55‘;*&0‘:t an@@pre g%?%lc%%[bei %65. ﬁ%‘eﬁlgl%&’gﬁtci on
is also not redttrimtlationt hdgut upAgretoddat Yani mears; spund| nwayase, at

I 'am nat es30devigtd\ge ¢ L85 t haighadl f Q¥HANf Of cEXABR| € KWK GRIPOEL! € the
wor kpi eces, e.g. plastic-coated carwi ndscreens or mrrors, but also

conposi te WBr kptERRERR: 0FOBRds WAYES Ao HFeERFYsSE ExRMaROoKHZ to
beadvant ageous|yo e utH35Hirl Manhodmpléendiengoto fifwmi mvent | €68 agw pm are

t heappar at us accorgi n(_?rﬁ 0 the i nveraiti on.,are congati bl eygi tlg_.tohe exitst itrh%
mechani cal gl addT Tt %yrre{’llsﬁéis, hdcar* Bt i RE2Gt at E4°FAEFERi sBng

met hods and appaunttimses toeolls exezuimd 2008ansvavaaliyeat lengeitdidimad lyThe
nmet hod and app al | I rgts (b L pat e d f itid e
mat eri al and aa??%}g?fg tt?gbrgé}é%{gé\?\nlgh g;lgzlt ﬁ% ogﬁ.atﬁz(ﬂi‘gﬁhgpeg |dnl4(éne
oper at i on. 38ut t9kgegeianabyingd abaqul thflehess matesirdudd spdecemant |afown

et hods for Ut he0phikiice dWe! Fabi WhenpoREaEeed MS! I £ cALR ol ed
applcalonls e Cu | (0] I N SS Or ass-ceram C astl.C .

o et es.t he EPEEESH; Hoeingo thethot &b the ol HELL B a¥aTed g0 At L
thick 10 and t hsoftapliasticim s opBélennetihi Ghe axial vibrations of the



-16 List of reference nunerals 1 laminate 2 brittle material 3 layer of
adhesive 4 plastic 5 cutting tool 6 lower end of the cutting tool 7 heating
el enent 8 heating-voltage device 9 thernocouple | O piezo- or

magnet ostrictive nodulator ||l function gengpator 12 coupling el @nay20d3

spring el enents 14 suspension 15 gui de el effent 16 axial el enent 2 NMay 2003
2 May 2003 PATENT CLAI M5

cutting tool 1lower the thrust and bearing forces
required for cutting through the plastic and at the
same time scoring the brittle material.

The measures according to the invention enhance

5 the cutting quality and reduce the risk of an
uncontrolled brittle fracture of the brittle material.
As a result, they assist the performance of the process
and improve the achievable yield in the cutting
operation or make the operation possible in the first
10 place.

The method and the apparatus are suitable with
, preference for cutting laminates, in particular thin
laminates, made of a brittle material, for example of a
glass, glass-ceramic or ceramic sheet, and of a
15 plastic, in particular of a plastic film, it being
possible for the plastic film to be a scratch-
protective film, preferably a scratch-protective film

of polyethylene, or of a sprayed-on polymer film.

In principle, the method and the apparatus are

20 suitable for cutting laminates wmade of a brittle
material and a plastic, the wviscosity of which can be
lowered by means of heating-up by the cutting tool.
Suitable plastics are, for example, thermoplastics, and
those particularly suited are, for example, polyamides,

25 polycarbonates, polyether sulphones, olefin copolymers,
polyethylene-naphthalenes, polyarylates, polypentadienes
or polyethylene terephthalate (PET).

The laminates preferably have in this case a
thickness of the plastic of from 1 pum to 300 pm and of

30 the brittle material of from 10 pm to 300 pm.

The brittle material and the plastic are
preferably bonded to one another by means of a layer of
adhesive, the layer of adhesive preferably having a
thickness of from 2 pm to 50 pm.

35 Alternatively, the plastic may be applied to
the brittle material by extrusion, by a casting,

spraying or roller-coating method or by laminating-on a
plastic film.



1.. Method of cutting a |am nate made of a brittlematerial and a plastic
with a cutting tool, 5characterized by the steps of:- heating-up the plastic
at least in the region of apredetermined cutting line, thereby |owering
theviscosity of the plastic,- placing the;gutting tool onto the2mM#f62003

si de of thelOl am nate, the Ioadr ng pressure of the cutting tool onthe
surface of the | am nate being adj ustabl e,- producing a rel ative novenent

between cutting tool and | am pat t he cuttrn line, with se i.ng
ofthe plastic and si rruT’E‘%n@SErgogc Sh@r atf?%a%tr %1 ®48ndtEF § Iult‘faﬁPéreeby

i nduci ng a nedhsweeat, Stf®ss ,ctﬁlﬁ.dlnfg amam@nertetse maddi todHnal | yeilrcrieasivng

t he nechani cal _,str.ess, al thecttrn i to ond _th gruphure strength
of t he scored bt_rIH lfe ]ﬁﬁf‘gggal ﬁ@tg'ﬁodnfg%%or é( f a m%tllass’
characteri zed pathacyléaor featt gr.\gsshe glaramat@amxte of aebrmicl emackrafal
laminat ed gn bot hoghdescw tRyAl At Cicnddle PLASI LA Ftl%t% e
t he regi on oft ? et efmned cuttin I ne, her eb ower i ng

t he25vi scosi t yPeeLehabpyabeing- up &6t 8i0ngm ooI is respectr vely placed on
each side ofthe plasti Pqu:hEaEﬁ\oh:ém Nak@ndthes | KRt R Egﬁésbt{e@ttqfdde@ in

respective cuttjng too] urf ace of thelam pate ng ad abl e, 30-
a rgl ative rmv‘é‘t"rbgntl |%h'ﬁr§aﬁ Bf%et%%?lr’t’fﬁi- c‘ER‘?‘T‘h@'[‘%oI Egoe’f‘%‘f%pi%m%te

al ong the cuttsbyitone, getriandver g cafrddre qarasilso doel sutul taneous

peori g chhe, bl e BREC Aoy dMGLE N MU AL ARSI TLEY! SUg6Sund e
aperoprl ate- thm mttamtﬂaﬂr.stcpése patigdiadtoryt |scoérer pasbd xeayigtdse a
cutting line t r tiy, Of it al .
18 2 May 2003 %a*-’%ée E‘Qi%%*%*‘—*f@'ﬁt%ﬂ LRIy S cae ML e T Led
that the heati gtwseps ratefbeﬁea Bilipadi &%, of n the t FetFaRda ol AARd
fand/?r | aser ra_tatleatl@@t@in@y @alta@ie gagn) etthétﬁctd‘e.‘ittﬂi@ﬁ agggeditignt 0 ak

east one eri,zed.in tha e _heat.ing- up

per f or med tﬁee%‘éé'ﬁe’éycﬁ‘ﬂ‘f%%{) n tYEar Eﬁ“ﬁa%éhgekﬁ eZié owkF
end. 5. Met hodiacpaurdiirmliaorlat plxmﬁmrda br Ctlae nengleotdO0bé, 66Raract eri zed
in that the entire | am.pat d rdi n ast
one of Clainms 1 tob5, cr@fea derSJile'g%E?e eyﬁmﬁlghlyﬁgﬁ&%a e?s@%u?l%ysg{‘n%ggt ed
di amond tip of thige emmarrtgtqrbolfumenvrst%d e orkRabst ooht Foast stnglef
Cainms 1 to6, ghal Q,Eerrzed in that the Iam nate is cut by acutting wheel
and/or a cutting bla gle:cuttrng‘ﬁ'l 8. I\/tethdaccordrn to Claim?7,
char act eriZ®d i n20t hat P fhe EROYS a2cUPER SrEFQdeaﬁﬁ &akiisy £or
hardnetal or ofcuatdergan clarhmqowticmhde aft ang:e:hm:]rmrdmﬁeamﬂ 02 and a
ono of O ai e PRa Pttt ot PHETSet, 1 LR RRC RS AR L 21 mhast

i n25particul ar Lat'@ﬂétﬁ/%r énd r@(&&ﬁw%xr as . ul tfrcanneasam@ﬁ@m orgs. 16hin

Met hod accordi g de: A1d£85¢ ARifatld Al %ﬁzel §28sschahasters zeqHied hals the
cuttrngtool Hg)ﬁéﬁt]?é?uiar its | ower. end, 1eq:u{(es tr vers 30u|tr§aS

vi brati ons2¥ on Y ?aﬂdFB‘rttPar?‘sqper%‘Bl Fé‘sdg etBLafkIty tlﬁﬂb
direction. 11. Mb,t hortﬂuaxrcottdu ny e atol exxi jane t(bi‘lcﬂl Al preferadly being
characterizedr Itr |br trons W I|t

particul ar anpl ﬂrgcge gggﬂ té m 182 i%ﬁa gg ?g‘f%%ﬁﬁge t3o

| east one of Clwiiigh 9l$ oalﬂmch@tréetemr zthikn that frequencies of the

ultrasonic - 19 2 MeYrROOBekiRbakl Qi d ihd Nob@Nge ddipmhelplibieeko ki ki
areused. 13. Method according to at | east one of (ains

characteri 28d ithe h%lcaﬁtbFaﬁlfi@ fi ok dhe %H%%éﬂlg%ﬁlﬁoﬂ-?ﬁéﬁaﬁel rhi $hRed
als t[te p:c alstl C. %&ad Pee?Wedldm tﬁeOoawt}alJﬁ% gbalagt ;ﬁﬂizeﬁel rﬂdtaaﬁacae
plastic filmma ne .ar arbonate is _use

according to at® feg:step &‘Ey/@el&i r’rt;“g b\éfﬁff a%?é??ze%g?‘r‘\s‘t%f Sy

pl asti c has a tdmtkakelsomeinem suwih tas &&ﬂriﬁgn éBemMatlaodBacf@Ir daxagnpbe at

| east one of d rac ass

flatglass, dl as@ll%rgr ;rn%%&%?tggéam icgégfﬁgedngﬁgﬁug%rr t??elS fé%&rl%y
Met hod acc8fdi restabbighedl cexperimental ivd | anfdatgeneratlyt |@mw¢rxﬂs has

a thickness of yp @30 m&ﬁng NBEQ%@&@%H&EH HQ %eéy@ﬁﬁédo%rofs&ﬁﬂ@ 1
t 02017, characterized in that gl ass | ass-ceram c Orceram c sheet

| S
used as the britffe h’é’tpé"r‘?%ﬂsw I\BFHGHESCC&%‘?W?% CP4i magrresponding
characterized ithbekntbe .brmhe Nowet esndil 6 heg ahehhelareads ofcuttind Ot il 0
300 Vi m 2520. Method according to at |east one of Clains 1 tol9,
characterized in that the brittle material and theplastic are bonded to one
anot her by nmeans of a | ayerof adhesive.21. Method according to C aim 20,
characterized in30that the [ayer of adhesive has a thickness of from2 unmo
5 0 um. 22 Met hod accordr ng to at Ieast one of Clar s 1 t021

I N T Y ER 1 T e 1



23. Apparatus for cutting a lam nate nade of a brittle material and a
plastic with a cutting tool, characterized by: - neans of heating-up the
plastic at least in the 5 region of a predeterm ned cutting |line, thereby

| owering the viscosity of the plastic, -_ajgutting tool which caMbg2@daced
onto the plastic side of the Iamnate, the |oading pressure of the cutting
tool on the surface of the |lam nate being 10 adj ustable - nmeans for
produci ng a rel ati ve myvenent between, cut t.i ng ool .l am nat e .al gng .t he

cutting Iine, for PAPTIFSF0s? SOWLAT | H§IP Fﬁ’?ﬂ ARRCR Ay TR udisy
scoring the brigtiealhtefbal pridierccing 115armﬁ¢mlanglg e cleantetal l$t1esss,Byand

1 2bpropri at e oo [RANS! o, a0GLL AtAblY (1GSA0T DChRRL TR MDA Bk

along the cuttlng Tneto beyon eru ure rent Sf t‘'he”score rlgttle
material. 24. AppatatSus andorp@urrtgcnda@tlaf rrpzefeghhiarctretw zdw2Y | endhat, the

apparatus far Cd:'éﬁk'ﬁe wsu AE Rat %H@a%nﬁ;e@a&ffé tﬁ@cgggsgyako&a{a{&ast

both sides with plastic has: - neans of heating-up t lastic a
the region of atb?eH@FEFﬁFhEG PLREEAS Fi-ne, thereby 25 Iovverl ng the

viscosity of the plastighe- edettidildza tthCEléﬁanl&e Pl a5€hreFea-z016/
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that the cutting tool, inparticular s | ower
Appar at us accor 8hfg QU tang ¢zl ohe OF Btailpast the temperature of its

lower end 6, necessary for cutting the respective
20 plastic 4 constant during cutting.
The respective temperature of the cutting tool
5, and in particular its lower end 6, can likewise be
easily established experimentally. The softening
temperature of the plastic 4 respectively to be cut, or
25 a temperature which lies somewhat above the softening
temperature, can be used as a point of reference. In
this case, the temperature of the cutting tool 5, and
in particular the temperature of its lower end 6, may
be all the higher the higher the cutting speed, in
30 order to permit a required heat energy transfer to the
plastic 4 respectively to be cut. The viscosity of the
plastic 4 should be lowered by the heating-up of the
plastic 4 by the cutting tool 5 to the extent that the
loading pressure necessary for the simultaneous scoring
35 of the glass 2 is not, or scarcely, exceeded.
By means (not shown) which may preferably
include a radiation source, in particular a heat
source, for example an infrared and/or laser heater, or
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20 By moving the heated cutting tool 5 along the
predetermined cutting line, the plastic 4, together
with layer of adhesive 3, is severed and at the same
time the glass 2, which lies thereunder and is bonded
with the plastic 4, 1is scored, thereby inducing

25 mechanical stress along the cutting line, and in the
case of thin laminates is severed.

If appropriate, further increasing of the
mechanical stress along the cutting line is performed
by additional means (not shown) to beyond the rupture

30 strength of the glass 2. In this way, crack propagation
along the cutting line, the so-called rupturing of the
glass, 1is achieved. In this case, the rupture is
carried out, essentially by flexural tensile loading,
along the scoring line with its chaid of fine incipient

35 cracks lying thereunder.

For example, at 1least the 1lower end of the
cutting tool is heated up to approximately 200°C to cut
a flat glass/plastic laminate comprising a 50 pum to
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cutting tool 5, and particularly preferably its lower
end 6, can be induced to undergo ultrasonic vibrations
which are axial and/or transversal to the cutting tool
5 (longitudinally and/or transversely to the cutting
direction), are of low amplitude, preferably an

15 amplitude of from 5 pm to 40 pum, and of adjustable
frequency, by means of a piezo- or magnetostrictive
modulator 10 and a coupling element 12. The frequency
of the ultrasonic vibration can be set by means of a
function generator 11, good cuts having been achieved

20 at frequencies in the range from 20 kHz to 100 kHz.

The cutting tool can preferably be set such
that it can be pivoted by at least one axial element 16
perpendicularly and parallel to the cutting plane, in
the cutting direction, the angle between the

25 longitudinal axis of the cutting tool 5 and the cutting
plane in the cutting direction being adjustable in the
range from 55° to 75° and preferably being 65°.

The invention is also not restricted to the
cutting of flat laminates; for instance, laminates

30 deviating from the flat form, for example convex
composite workpieces, e.g. plastic-coated car
windscreens or mirrors, but also composite workpieces
made of plastic-coated hollow glass, can also be
advantageously cut.

35 The wmethod according to the invention and the
apparatus according to the invention are compatible
with the existing mechanical glass cutting methods, and
can be integrated into existing methods and apparatuses
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without great expenditure. The method and apparatus
allow for the first time laminates made of a brittle
material and a plastic to be cut with a cutting tool at
high speed in one operation. Cutting accuracy and
faithfulness to contours match the known methods for
cutting brittle materials or unprocessed plastics.

A preferred application is the cutting of thin
glass or glass-ceramic/plastic laminates, the glass or
glass ceramic preferably being 10 pum to 300 pm thick
and the plastic 1 pm to 300 pum thick.
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5 cutting tool
lower end of the cutting tool

heating element

heating-voltage device

w ® 3 O

thermocouple

10 piezo- or magnetostrictive modulator
11 function generator

12 coupling element

13 spring elements

14 suspension

15 guide element

16 axial element
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vibrations in the range from 20 kHz to 100 kHz are
used.

13. Method according to at least one of Claims 1 to
12, characterized in that a plastic film or a sprayed-
on polymer film is used as the plastic.

14. Method according to Claim 13, characterized in
that a plastic film made of polyethylene or
polycarbonate is used.

15. Method according to at least one of Claims 1 to
14, characterized in that the plastic has a thickness
of from 1 pm to 300 pm.

i6. Method according to at least one of Claims 1 to
15, characterized in that glass, in particular flat
glass, glass ceramic or ceramic is used as the brittle
material.

17. Method according to Claim 16, characterized in
that the brittle material has a thickness of up to
30 mm.

18. Method according to at least one of Claims 1 to
17, characterized in that a glass, glass-ceramic or
ceramic sheet is used as the brittle material.

19. Method according to Claim 18, characterized in
that the brittle material has a thickness of from 10 pum
to 300 pm.

20. Method according to at least one of Claims 1 to
19, characterized in that the brittle material and the
plastic are bonded to one another by means of a layer
of adhesive.

21. Method according to Claim 20, characterized in
that the layer of adhesive has a thickness of from 2 um
to 50 pm.

22. Method according to at least one of Claims 1 to
21, characterized in that the plastic is applied to the
brittle material by extrusion, by a casting, spraying

or roller-coating method or by laminating-on a plastic
film.
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23. Apparatus for cutting a laminate made of a

brittle material and a plastic with a cutting tool,
characterized by:

24.

means of heating-up the plastic at 1least in the
region of a predetermined cutting line, thereby
lowering the viscosity of the plastic,

a cutting tool which can be placed onto the plastic
side of the laminate, the loading pressure of the
cutting tool on the surface of the laminate being
adjustable,

means for producing a relative movement between
cutting tool and laminate along the cutting line, for
the purpose of severing the plastic and
simultaneously scoring the brittle material, thereby
inducing a mechanical stress, and if appropriate
means for additionally increasing the wmechanical
stress along the cutting line to beyond the rupture
strength of the scored brittle material.

Apparatus according to Claim 23, characterized

in that the apparatus for cutting the laminate made of

a brittle material laminated on both sides with plastic
has:

means of heating-up the plastic at 1least in the
region of a predetermined cutting 1line, thereby
lowering the viscosity of the plastic,

a cutting tool which can be placed onto one plastic
side of the laminate and a further cutting tool which
can be placed onto the opposite plastic side of the
laminate, the loading pressure of the cutting tools
on the surface of the laminate being adjustable,
means for producing a relative movement between the
cutting tools and the 1laminate along the cutting
line, for the purpose of severing the plastic and
simultaneously scoring the brittle material, thereby
inducing a mechanical stress, the scoring of the
brittle material taking place on one side or on both
sides, and if appropriate
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- means for additionally increasing the mechanical
stress along the cutting line to beyond the rupture
strength of the scored brittle material.

25. Apparatus according to Claim 23 or 24,
characterized in that the means for heating-up the
plastic include a radiation source, in particular a
heat source, for example an infrared and/or laser
heater, and/or a hot-gas jet source.
26. Apparatus according to at least one of Claims
23 to 25, characterized in that the cutting tool, in
particular its lower end, is heatable.
27. Apparatus according to at least one of Claims
23 to 26, characterized in that the lower end of the
cutting tool comprises a mounted diamond.
28. Apparatus according to at least one of Claims
23 to 27, characterized in that the tip of the cutting
tool comprises a cutting wheel and/or a cutting blade
made of a hard metal or of a ceramic, in particular a
tungsten-carbide and/or diamond-containing sintered
metal.
29. Apparatus according to at least one of Claims
23 to 28, characterized in that the cutting tool, in
particular its lower end, is induced to undergo
ultrasonic wvibrations in a direction axial to the
cutting tool by means of a piezo- or magnetostrictive
modulator and a coupling element.
30. Apparatus according to at least one of Claims
23 to 29, characterized in that the cutting tool, in
particular its lower end, is induced to undergo
ultrasonic vibrations transversely to the cutting
direction, in a direction transversal to the cutting
tool, by means of a piezo- or magnetostrictive
modulator and a coupling element.

31. Apparatus according to at least one of Claims

23 to 30, characterized in that the cutting tool, in

particular its 1lower end, is induced to undergo

ultrasonic vibrations longitudinally to the cutting
direction, in a direction transversal to the cutting
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